Introduction
In the not so distant past, even in those specialties with a clear allocation of funds, hospital consultants were able to treat patients without having to pay much regard to the consequent costs. Health authorities are now encouraging the introduction of systems for monitoring expenditure. They are particularly motivated to do this in the case of highly specialized services which have grown up during the last twenty years and which are often funded on a Regional or even supra-Regional basis: treatment of chronic renal failure, cardiac surgery and radiotherapy services are all examples of services which have changed greatly during this period, the motive force being technological improvements which have increased the potential benefits to patientsusually at great expense. Health service administrators and doctors haveand undoubtedly even general managers will haveconsiderable difficulty even keeping up with these various fast-moving changes, let alone being able to forecast, cost, budget and control them in the context of all the other less prestigious services which continue with their own technological changes.
For more than a decade, British health officials have in any case placed increasing emphasis on the importance of more informed decision-making'.
More recently, the espousal of commercial general management principles as enunciated by Roy Griffiths and accepted by the Secretary of State for Health2'3 would mean the adoption of sophisticated costing and budgeting techniques, reaching into cost and budget centres in the nether regions of health expenditure. These would provide a rational basis for deciding on expansions, contractions and changes of use of services, for allocating resources accordingly and for monitoring the effectiveness of use of such allocations. In the health services, various alternatives have previously been proposed instead of the commercial model: functional budgeting, specialty budgeting4 and, more recently, proposals for budgeting by clinical teams5. Through the changing fashion, however, all experts have agreed that doctors must themselves be involved with and make decisions about resource allocation and usage in clinical situations. (Doctors themselves, however, have in practice not always been enthusiasts for budgeting6'7.)
One of the main problems is the complexity of the systems which give rise to costs and budgets in the first place. Health systems are inherently complex, being a mixture of political, economic and technological forces, operating within an essentially interpersonal and professional arena. Even at the operational level, though, health care is delivered in a complex way. For instance, Figure 1 shows routes through dialysis treatment for patients with irreversible renal failure. Many of these patients would also be on a waiting list for a cadaver kidney transplant. The rectangular boxes indicate that the patient receives inpatient treatment schematically just some of the activities with which a patient undergoing haemodialysis treatment for chronic renal failure may be concerned. This may be compared with the relatively straightforward and predictable sequences of most industrial processes8. In summary, major components of the health care management problem include the need for budgetary and cost control and the need to involve doctors in decision-making. These problems have to be solved in the context of considerable complexity and technological change, leading to pressures for increased expenditure. General managers are no doubt already turning to budgeting and costing techniques to provide information on which to make operational and planning decisions.
Costing and budgeting One means of helping this process forward is the approach of the CASPE (Clinical Accountability, Service Planning and Evaluation) research project which explores means by which clinicians and 0141-0768/86/ 030154-04/$02.00/0 @ 1986
The Royal Society of Medicine groups of clinicians would be able to control their own budgets5 and attempts to identify the resource use and expenditure of groups of clinicians, giving them feedback on their use of the resources of the various service departments. Setting up a management information system such as this is of obvious importance. Indeed, independent firms of accountants and management consultants have recently been assisting health districts with other pilot schemes for medical budgeting9. Aside from the possible ethical dilemmas posed by questions of motivation (or coercion?) implicit in the establishment of a budgeting system, one major problem in setting any budget is particularly difficult in the health care field. This problem may be stated simply: 'Where are the budgets to come from and what assumptions about the use of resources will lie behind them?'. Published reports of budgeting exercises tend to gloss over these problems but, if clinical budgeting were to become widespread, it is the doctors who would need to provide the answers to such questions if the health services they provide were not to become frozen in the ice of unchanging historical costing structures which might be provided by traditional treasurers' techniques. For example, in order to control a budget, clinicians will need tools for forecasting resource needs and for predicting how costs and patient numbers may change as patient survival figures improve, more hospital beds are provided or there is an increased demand for treatment. Existing NHS budgeting and costing theories are not well able to deal with problems of adjusting existing services and making cost predictions for reorganized services based on changing assumptions (and, by contrast with the commercial situation, such assumptions do change continuously as we have seen). Cost controls, when applied without sophistication, can lead to drastic and often unforeseen effects on the provision of services10. To go along with costing and budgeting, therefore, there is great need for techniques which enable us to link Health Service activity and changes in such activity to realistic predictions of resource use. Operational research techniques are widely used in industry to analyse this kind of problem.
Techniques for analysis Optimizing methods, including linear programming and critical path analysis, are perhaps the bestknown techniques. For these it is necessary to define an objective function subject to various constraints, usually in order to maximize profit or minimize cost, man-hours or travelling distance of certain people or vehicles. Most also require restrictive assumptions about the nature of data analysed by these means. The reason these approaches have had little success in the planning of clinical services"1 is undoubtedly because of the difficulty in defining an appropriate objective function using either cost criteria or measurements of benefit to patients. For although cost may be a relevant constraint, it is a poor measure of the success of patient treatments. Health status measurements, -such as those described by Culyer'2, have not, and are unlikely to receive much interest or acceptance in the medical profession.
Experimental and predictive models are promising alternatives to optimizing techniques. They can describe the movement of patients from one type of treatment or state of health to another without a scale of measurements of patient health. Techniques of this type include predictive stochastic models and simulation models.
One type of stochastic model is the Markov model. This type of model uses a matrix of probabilities of patients going, usually, from one treatment state to another (e.g. haemodialysis to transplant) in one time unit, usually a month. This mathematical technique has the advantage that if resources are assumed to be unconstrained, it is easily possible to produce means and variances of results and thereby obtain some idea of the range of alternative outcomes which may be obtained with the same data.
A simulation describes the logical progress of items (in this case, patients) through a system. Simulations have become standard tools for industrial and, especially, military planners because of the freedom from restrictive assumptions within which it is possible to work and because of the increased availability of cheap computing power. In this technique, random numbers are used to determine choices of treatment or lengths of stay which differ unpredictably from one patient to the next but nonetheless conform to a general pattern overall. As a result, a simulation must be performed many times in order to estimate means and variances of results.
In 'time-slicing' simulations, simulated events are assumed to occur at arbitrary time intervals. Discrete event simulations are concerned with individual activities and, rather than waiting for the end of discrete time intervals, they proceed by identifying and performing the next event due to happen according to the logic of the system in question.
In order to be useful in the Health Service context, such techniques as these must not only realistically represent the system under study but must also be flexible, robust and easy to use for costing and budgeting. They must also carry credibility as far as users and providers of services are concerned. Modelling techniques such as these have been used widely in attempts to plan the treatment of renal failure and will now be discussed and compared in this context.
Models of treatment of patients with irreversible renal failure
In recent years, the criteria for accepting patients on a dialysis/transplant programme have relaxed"3, while patient survival rates have improved'4. Nevertheless, poor patient acceptance rates in the UK compared with other European countries'5 have led to public demand for more treatment facilities. On the other hand, health authorities, faced with competing demands for the available finance, attempt to control expenditure and treatment availability. Renal units, in common with many other specialties, are thus faced with demands to treat increasing numbers of patients with limited resources. This has been a major planning problem, complicated by the existence of different established treatments including haemodialysis, continuous ambulatory peritoneal dialysis (CAPD) and transplantation. Patients may be transferred from one treatment to another, each of which makes very different demands on inpatient and outpatient facilities and on the work of various hospital departments.
Given such planning problems in this complex system, it is little wonder that since the early 1970s considerable effort has been devoted to trying to understand and control dialysis/transplant programmes by developing models of patient treatment.
In Markov models and time-slicing simulation models, the probability of a patient's passing from one treatment state to another is assumed to be independent of any previous state he may have been in. The models are thus without 'memory' and the patients are assumed to be homogeneous. Factors such as age and treatment history can only be taken into account by dividing patients into subgroups, which considerably increases the complexity of the models concerned. Models of this type have been widely used to predict the numbers of patients on treatment and to estimate their implications on future costs.
Markov models do, however, have the significant disadvantages that it is not possible to define constraints on treatment availability and that model assumptions are crucial to the mathematics which underpin the whole system'5. Any relaxation in the rather rigid assumptions is likely to lead to mathematically much more complex models. These serious deficiencies are evident in the theoretically interesting but practically less useful models of Although it is possible to introduce some constraints into time-slicing simulations (e.g. the number of transplants that can be performed20), the lack of 'memory' about the progress of the simulated patients is still a severe drawback as patients' characteristics and treatment histories clearly strongly influence their treatment and prognosis.
Discrete event simulations do permit simulated patients to have attributes which influence their progress through the system. Additional advantages include the availability of survival distributions in almost any form andmost importantthe introduction of constraints. Unlike the restrictions of other models, therefore, it is possible to explore situations where resources are not assumed to be infinite and this obviously makes for a better approximation of reality. Two models of this type have been developed: one uses age-related survival distribu-tions2'; the other22 not only describes the transition of patients from one treatment to another but also the use of other resources such as inpatient facilities, the scheduling and use of operating theatres, and the corresponding constraints on those resources. Discrete event simulations are, therefore, inherently more flexible, robust and accurate than the other two methods. For instance, at a national or international level they can deal with aggregated data (studies are at present in progress using the database of the European Dialysis and Transplant Association), and they are equally at home dealing with the workload and constraints of an individual hospital unit. Moreover, they can model resource use and workload in order to provide cost estimates for budgeting and, as will be seen, can enable mathematical models to become easily available tools for doctors to use in planning.
Discrete event simulation for modelling workload and resources This type of simulation has been in common use in industry since the 1950s. Such simulations have a simple structure which, with the aid of a simulation language or package, makes them easy to write and robust to additions and amendments. Simulations are often large and complex and when run on mainframe computers the programs must be regarded as 'black boxes' into which data are entered and out of which results appear, as if by magic. In recent years, however, the advent of microcomputer technology has made it possible for users to watch the progress of simulations on a computer screen and even to interrupt them and to change key variables while they are running. The computers are, moreover, now relatively cheap.
Interactive simulation programs on microcomputers are easy to use. A user can, for example, change the timetable of unit dialysis sessions during a run of R Davies's renal unit simulation22. This interactive facility can help him to validate the structure of models and, once satisfied with the program, run it whenever he wants to explore different policy options. Clinicians can therefore help the development of models in detail and, once such a model has been written, can control its use.
Input data required for a locally-based health services simulation model (Figure 2 ) might include resource constraints -(which could be entered and changed interactively), information and treatment policies (e.g. elderly patients might be given CAPD rather than haemodialysis'3) as well as patient data.
Although much of the patient data is available via the Hospital Activity Analysis computer system, it is unsatisfactory because in most, if not all, Regions this is a remote batch system which is invariably out of date. With development of more sophisticated Diagram showing the data that may be needed and information that may be produced from a locally based Health Service simulation on-line data capture systems, this kind of problem will disappear. To overcome this problem, the renal unit simulation has special computer programs to collect and check data on an ad hoc basis.
Output information about patient numbers, resource use and queues for resources can be displayed on the monitor screen while a simulation is running and can be saved on a disk for further analysis. W1here a simulation is to be used in regular planning and budgeting, resource use and workload information from the simulation must be translated into costs. In the renal unit model, for example, the transition of patients from one treatment to another, the use of inpatient facilities, the scheduling and use of operating theatre sessions, the provision of home dialysis machines and any limitations on the numbers of CAPD patients are all used as a basis for estimating the nursing, pathology, pharmacy and other workload measurements from which costs are generated. It is here that simulation models can link with costing and management information research, such as that of the CASPE project, to provide projections against which performance can be measured.
Future developments
Renal units are obvious choices for this approach because of their outstanding planning problems and because much of their data is separately collected and distinct from that collected for other patient services. This technique could, however, be used in many other areas where choices have to be made between treatments or resources available to a group of patients. In the long term, simulations of more or less complexity will probably come to be used in all specialties. In the short term, they will be of particular value in the following areas: (1) describing other groups of patients, such as those with chronic cardiac disorders, who receive intermittent expensive treatments over long periods of time;
(2) modelling the system of treatment of mental illness with a view to evaluating hospital and community resource requirements of different treatment policies for particular patient groups;
(3) exploring the potential costs and benefits of five-day wards for short-stay operations and investigations; (4) evaluating the use of hospital resources under different hospital closure programmes.
Many problems within the health service are thus susceptible to analysis using this technique, which is in its infancy as far as applications within health care are concerned. The potential benefits of such applications, especially as regards the production of realistic costing and budgeting models, are so great as to justify considerable investment in development of a general health service simulation package which would enable models to be developed much more quickly and easily than is now possible.
